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Abstrat
A speial-relativisti salar-vetor theory of gravitation is presented whih
mimis an important lass of solutions of Einstein's gravitational eld equa-
tions. The theory inludes solutions equivalent to the Shwarzshild, Kerr,
Reissner-Nordström, and Friedman metris of general relativity as well as to
gravitational waves with parallel planes. In fat, all the empirial tests until
now due to general relativity an also be explained within this at spaetime
theory. In order to obtain this result, a new lok hypothesis dierent from
the one used in speial relativity must be introdued. The theory an be
regarded as an example supporting Poinaré's onventionality hypothesis.
1
1 Introdution
In spite of Einstein's extremely suessful idea to geometrize the gravitational eld
with the help of onepts of Riemannian (or rather, Lorentz-) geometry, notably its
urvature, ontinued if unsatisfatory attempts at the formulation of a eld theory
of gravitation in at spaetime have been made.
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In partiular, R. Feynman
believed that the geometri interpretation of gravitation beyond what is neessary
for speial relativity, although attrative, is not essential to physis. [2℄
In the following we suggest a relativisti salar-vetor theory of gravitation in at
spaetime whih is exatly equivalent to an important sublass of the spae of solu-
tions of Einstein's eld equations. This sublass ontains those metris needed for
the empirial heks made until today, i.e. the Shwarzshild-, Kerr-, and Friedman-
Lemaître metris. It also ontains lasses of gravitational waves. In Setion 2, we
desribe the simple mapping between the lass of metris, in Einstein's theory, and
the salar and vetor elds of the at spaetime theory.
Obviously, in order to retain the well-known eets of gravitational red-shift, light-
deetion, and perihelion motion in the solar system, the proposed relations on-
neting quantities of the mathematial theory and physial objets (measurement
hypotheses) must be hanged. The geodesis of Minkowski spae annot give the
orret equations of motion for a point partile; in fat, in the new theory the
equations of motions do not follow from the eld equations but must be postulated
separately. This is done in Setion 3 where a new lok hypothesis is also proposed.
In Setion 4, eld equations for the salar and vetor elds are written down or-
responding exatly to Einstein's eld equations. In subsequent setions, we disuss
the solution leading to the solar system eets, the standard osmologial model,
and to Kerr blak holes. In a onluding setion, Poinaré's onventionality hypoth-
esis [3℄ will be disussed. A possible impliation of this approah for a quantum
theory of gravitation is mentioned.
2 Introdution of salar and vetor elds through a
generalized Kerr-Shild metri
We onsider the lass of metris in four-dimensional spaetime onformal to the
Kerr-Shild lass:[4℄
gik = e
2σ(ηik − kikk), (i, k = 0, 1, 2, 3) (1)
with the Minkowski metri in loal inertial oordinates ηik = (1,−1,−1,−1). The
salar funtion σ depends on the spaetime oordinates xi. The Kerr-Shild vetor
ki(x
k) is a null-vetor with respet to both metris gik and ηik:
kikjηij = k
ikjgij = 0. (2)
In the following, we assume Minkowski spae to be the underlying spaetime. The
salar eld σ(xj) and null vetor eld ki(xj) in at spaetime are onsidered as
representing the gravitational eld. Thus, in plae of the 6 independent (mathe-
matial) degrees of freedom of general relativity only 4 are retained. At this point,
we warn the reader that we will not aim at a Maxwellian theory extended by a
1
Cf. the disussion in [1℄.
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salar eld, but at a highly nonlinear salar-vetor theory of gravitation. Although
ki orresponds to a (gravitational) vetor potential, no U(1)-gauge group is present.
As we remain in at spaetime, all indies are raised and lowered with respet to
the Minkowski metri, e.g. ki = ηikk
k
. Thus for example, dierentiation and the
rising/lowering of indies ommute:
∂Ak
∂xi = Ak,i = ηklA
l
,i = ηkl
∂Al
∂xi .
3 Equations of motion and lok hypothesis
As in Maxwell's theory, eld equations and equations of motion will have to be
postulated separately. We begin with the equations of motion for point partiles.
Our starting point is the following Lagrangian in Minkowskian spaetime:
L = e2σ(uiu
i − (kiui)2), (3)
with the timelike vetor of four-veloity ui = dx
i
dτ . The parameter τ will be xed in
the following. Of ourse, the Lagrangian (3) orresponds to the one used in general
relativity, L = giku
iuk whih leads to the geodesi equations in urved spaetime
with the metri (1). However, in the following, we shall forget this geometri bak-
ground and onsider expression (3) as a speial relativisti Lagrangian leading to
equations of motion in Minkowskian spaetime in the presene of gravitational elds
ki and σ. If, in addition, eletromagneti elds are also present, the Lagrangian is
altered in the usual way:
L =
1
2
e2σ(uiu
i − (kiui)2) + e
m
Aiu
i,
where Ai is the eletromagneti vetor potential. By using the Euler-Lagrange
equations known from speial relativity,
∂L
∂xm
− d
dτ
∂L
∂um
= 0,
we obtain the following equations of motion:
(ηim − kikm)u˙i = [σ,mηik − 2σ,kηim]uiuk − [σ,mkikk − 2σ,kkikm]uiuk
−1
2
[(kikk),m − 2(kikm),k]uiuk. (4)
Just as in speial relativity, these 4 equations are not independent. Multiplying with
um, one easily nds a rst integral: L = ε = const. To x the parameter ε, we look
at uiu
i = e−2σε+ (kiui)2, whih, in the absene of any gravitational eld, redues
to uiu
i = ε. Thus we onlude from speial relativity (free motion in Minkowski
spaetime) that ε should be set to unity (by putting c = 1) for the motion of massive
partiles. When desribing null urves, ui is to be understood as the wave-vetor of
the eletromagneti radiation eld, (f. [5℄, p. 154) and we should have ε = 0. By
this, the parameter τ of the urve is xed modulo multipliation with a onstant
fator in the ase ε = 0.
Thus, we have three independent equations of motion for the four independent fun-
tions (three omponents of ki and the salar funtion σ) desribing the gravitational
eld. In ε we reognize a type of energy (or mass) parameter.
Now, a rst digression from a typial speial relativisti eld theory is needed. In
speial relativity theory, the lok hypothesis relates Minkowskian proper time with
3
what is measured by a lok in an arbitrary loation, and in an arbitrary state of
motion. Obviously, gravitational red-shift annot be obtained in this way.
To give it a physial meaning, we imagine the observer or lok to oinide with
a radiating atom et; onsequently, in the equations of motion we will have to set
ε = 1. We dene proper time as the parameter τ of the path of an observer at
rest with respet to his oordinate frame, i.e an observer on a urve with uα = 0 for
α = 1, 2, 3. Next, we identify this modied proper time with the physial time,
the time measured by a lok moving along this urve.
From L = ε = e2σ(uiu
i − (kiui)2), with uα = 0, the relation between proper time
τ and the time oordinate t is easily found to be (new lok hypothesis):
u0 =
dt
dτ
=
e−σ√
1− k 20
. (5)
Of ourse, as in any speial-relativisti theory, the relation between proper time
and the oordinate time of a seond observer, moving uniformly and linearly with
respet to the rst one, is given by a Lorentz transform of the time oordinate.
2
In the following, we stritly adhere to inertial systems only, i.e to the Minkowski
metri in loally inertial (artesian) oordinates.
In equation (5) we reognize a ondition on the gravitational eld ki, namely k
2
0 < 1.
We shall return to it in setion 5. Comparing two loks at dierent positions at
the same oordinate time t, we are led to gravitational redshifts as they are known
from general relativity:
z =
ω1
ω2
− 1 = dτ2
dτ1
− 1 = e
σ(t,x2)
√
1− k0(t,x2)2
eσ(t,x1)
√
1− k0(t,x1)2
− 1. (6)
The results of this setion will be used in the disussion of some onrete examples
in setion 5.
4 Field equations of the salar-vetor theory in at
spaetime
As we want to establish a speial relativisti theory of gravity, we annot use a
geometri onept as the urvature of spaetime in order to obtain the needed
eld equations. Nevertheless, we try to stay as lose as possible to the Einstein
equations in order to retain solutions as Shwarzshild's or Friedman's. As we shall
see in setion 5, the Shwarzshild solution is given by σ = 0, and the vetor eld
ki =
√
a
r (1, −xr ) with the onstant a. The rst idea would be to take the ation-
funtional from general relativity, i.e. S =
∫ √−gR d4x, with the Rii salar R of
the metri (1) (in artesian oordinates (t, x, y, z)) expressed in terms of ki and σ,
and to arry out the variation not with respet to the metri ηij , but with respet
to the gravitational elds ki and σ. This proedure leads to a vetor and a salar
equation. However, the following two possible proesses annot ommute. I: As a
rst step, insert (1) into the Lagreangian, then vary with regard to the elds σ and
2
By this denition we are not in a position to dene proper time for a general observer.
However, this lak is easily mended if we dene proper time through the Kerr-Shild-metri (1)
without taking reourse to its geometrial meaning.
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ki, and II: As a rst step vary with respet to the Kerr-Shild-metri, then insert
(1) into the resulting ten equations.
A straightforward alulation shows that the Shwarzshild solution is not a unique
solution of the eld equations following from proedure I. Hene we base our speial
relativisti theory of gravitation on proedure II, i.e. on the Einstein vauum eld
equations expressed as eld equations for σ, ki in Minkowski spaetime:
Γik =
1
2
[−(klkk),i,l − (klki),k,l + (klkm),l(kikk),m − (kmki),l(klkk),m +
+(kkki)
,m
,m + k
lkm(kkki),l,m + kikkkl,ak
l,a + kmka(kikk)kl,ak
l
,m] +
+kikk(k
lkmσ,m),l + kikkσ
,m
,m + 2kikkσ,mσ
,m + 2kikkk
lkmσ,mσ,l −
−2σ,i,k + 2σ,iσ,k + (kikk),lσ,l + klkb(kikk),lσ,b − (klki),kσ,l −
−(klkk),iσ,l + ηik[−(klkmσ,m),l − σ,m,m − 2σ,mσ,m − 2klkmσ,mσ,l]
= 0. (7)
After having written down the eld equations we may forget the onnetion to
general relativity. We shall use these equations in the geometri bakground of
Minkowski spae, only. In the form given, the eld equations are ovariant only
with respet to the Poinaré group, i.e. under transformations of the form
xi
′
= Λikx
k + ai,
with det(Λik) = ±1.
Now, a seond new postulate for the oupling of the gravitational eld σ, ki to
its matter soures is needed. Matter will be desribed by its energy-stress tensor,
oupled to the gravitational elds by the oupling onstant κ known from general
relativity. The energy-stress tensor is found as in any other speial-relativisti eld
theory by symmetrization of the anonial tensor [6℄
T ki = q
l
,i
∂Λ
∂ql,k
− δki Λ. (8)
Starting from the mixed tensor T ki dened in (8), using the following denitions:
T˜ik = glkT
l
i , Tik = ηlkT
l
i , T˜ = δ
i
kT
k
i = T,
and via Γik = κ (T˜ik − 1/2 gikT˜ ll ), and the metri (1), we arrive at the equations:
Γik = κe
2σ[Tik − 1
2
(kkk
mTim + kik
mTkm)− 1
2
(ηik − kikk)T ]. (9)
The Lagrangian density Λ should desribe the whole material system in interation
with the gravitational elds σ, ki, i.e. in the regular ase it will also ontain the
elds σ, ki. We shall give examples in setion 5.
In an alternative approah, we tried to nd a Lagrangian density leading to vetor
and salar equations (again by variation with respet to the elds σ, ki) whih are
equivalent to the Einstein vauum eld equations. Only partial suess has been
reahed: a Lagrangian has been found the variation of whih with respet to σ, ki
leads to the equations:
Γijk
j = 0, Γijη
ij = 0. (10)
This Lagrangian is given in Appendix 1. However, it is not good enough. It an be
shown that no ombination of any two of the following equations R = 0, Rikk
k = 0,
Rikσ,k = 0, or R
ikσ,i,k = 0 is suient to fulll Birkhos theorem, i.e. to guarantee
uniqueness of the spherially symmetri vauum solution.
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5 Some solutions of physial relevane
We are now in a position to onsider partiular solutions of the eld equations of
the salar-vetor theory in at spaetime, and to ompare the results with those
from general relativity. In this setion, the salar eld is assumed to vanish: σ = 0
while ki(xk) 6= 0.
Spherially symmetri solutions
i. The vauum ase.
The general spherially symmetri null-vetor eld in artesian oordinates is given
by
ki = f(r, t)(1, ±x
r
).
Introduing this expression into the vauum eld equations (7), we are led to
ki = ±
√
a
r
(1, ±x
r
), (11)
with onstant a. The global sign of the vetor eld is irrrelevant, beause all physial
quantities are obtained from the Lagrangian (3).
In general relativity, to the Lagrangian (12) a line-element
ds2 = dt2 − dr2 − r2dΩ2 − a
r
(dr ∓ dt)2,
orresponds whih is the Eddington-Finkelstein form of the Shwarzshild metri.[7℄
It may be brought into the lassial Shwarzshild form
ds2 = (1− a
r
)dτ2 − (1− a
r
)−1dr2 − r2dΩ2
by the oordinate transformation
τ = t± a ln( r
a
− 1).
From this solution it is noted, that the ondition k 20 < 1 derived in setion 3
orresponds to g00 > 0 in general relativity. If this ondition is violated, the or-
responding frame of referene annot be realized by real bodies. [5℄
3
In our at
spaetime theory, we simply restrit the validity of the solutions of the eld equa-
tions to regions where k 20 < 1, i.e. r > a.
In spherial oordinates, the Lagrangian for the equations of motion is given by
L = t˙2 − r2(sin2 ϑϕ˙2 + ϑ˙2)− r˙2 − a
r
(t˙± r˙)2, (12)
where a dot means dierentiation with respet to the parameter along the path. It
an easily be seen that the hange of sign of the spatial oordinates of ki orresponds
3
We also know from general relativity that no geodesi passes through the Shwarzshild radius
a from inside, and a massive partile outside this radius an only reah the Shwarzshild radius
after an innite time.
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to the substitution t → −t. In the following, we are using the + sign in (11). The
Euler-Lagrange equation for ϑ has the speial solution ϑ = pi2 ; the yli oordinates
t and ϕ lead to the integrals
d = t˙− (t˙+ r˙)a/r
l = r2ϕ˙.
Another integral is, as we saw in setion 3, the Lagrangian itself, L = ε, whih gives
a dierential equation for the radial oordinate
r˙2 = d2 − (ε+ l
2
r2
)(1 − a
r
).
or, introduing the variable ρ = 1/r and
r˙ =
dr
dρ
ρ˙ = − 1
ρ2
dρ
dϕ
ϕ˙ = − 1
ρ2
dρ
dϕ
l
r2
= −l dρ
dϕ
,
we ome to the following equation:
(
dρ
dϕ
)2 =
d2 − ε
l2
+
aε
l2
ρ− ρ2 + aρ3. (13)
We see that the substitution t→ −t has no eet on this equation and its solutions.
Comparing equation (13) with the results of general relativity, we see, by setting
a = 2γM , with the newtonian oupling onstant γ and the mass M of a entral
body, that we found exatly the same dierential equation as for the geodesis of
the Shwarzshild metri
4
, for both ε = 0 and ε = 1. Hene, without any further
alulation, we know that the solution of (13) for massive partiles (ε = 1) will lead
to the well-known perihelion motion whih means that for every rotation around the
enter of symmetry, the position of the perihel hanges by ∆ϕ ≈ pi 3a22l2 . By putting
ε = 0, a seond well-known result, the deetion of lightrays grazing the rim of the
sun, will be obtained. Just as in general relativity, we nd ∆ϕ = 2 aD =
4γM
D , with
D the radius of the sun. How to obtain these results from (13) an be found in any
standard textbook on general relativity.
A further experimental result, gravitational redshift, arises if simultaneous readings
of two loks at dierent altitudes are made. Using equation (6), we have
z =
ω1
ω2
− 1 =
√
1− ar2
1− ar1
,
whih is in total agreement with general relativity.
5
ii. Eletromagneti elds
We now onsider spherially symmetri solutions with both gravitational and ele-
tromagneti elds. We start from the following matter Lagrangian density for the
eletromagneti eld:
Λ = −1
4
F lmFlm +
1
2
F lmFlkkmk
k − e4σAmjm,
4
Cf. many textbooks on general relativity, e.g. [8℄, equation (10.23).
5
[8℄, equation (10.75). This means that a lok at a higher altitude runs faster than one at sea
level.
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where the eletromagneti potential Ai is dened in the usual way by Fik = Ak,i −
Ai,k. It an easily be shown that variation with respet to Ai leads to
F ik,k − (kikkF kl),l − (kkklF il),k = −e4σji, (14)
whih redues to the usual Maxwell equations in the ase of vanishing gravitational
elds. We have to solve the eld equation (9) by using (8) with the above La-
grangian density. By the denition of the potential Ai, the rst group of Maxwell
equations remains unhanged. Therefore, we still have gauge invariane with respet
to transformations of the form A˜i = Ai + λ,i. Thus, in the spherially symmetri
ansatz
Ai = (ϕ(r), ψ(r)
x
r
) (15)
ki = f(r) (1,
x
r
) (16)
ψ an be transformed to zero. Subtitution into (14) leads to the solution for the
eletromagneti potential
Ai = (ϕ(r), 0, 0, 0),
where
ϕ(r) =
e
r
,
e being a onstant of integration. Solving equations (9) for the gravitational eld,
one nds after some work
ki =
√
−κe
2
2r2
+
a
r
(1,
x
r
). (17)
By putting either e = 0 or a = 0, and by omparing with (11) or with the Coulomb
potential, respetively, the two onstants of integration are identied as harge of the
entral partile e and the Shwarzshild radius a. We will not disuss this solution,
as it orresponds entirely to the Reissner-Nordström metri of general relativity.
6
Further solutions
The well-known Kerr metri desibing a rotating blak hole
7
an now be found as
a vauum solution of equation (7) in the form
k0 =
√
Rr3
r4 + a2z2
kx =
√
Rr3
r4 + a2z2
[
r
r2 + a2
x+
a
r2 + a2
y]
ky =
√
Rr3
r4 + a2z2
[
r
r2 + a2
y − a
r2 + a2
x]
kz =
√
Rr3
r4 + a2z2
z
r
,
with the Shwarzshild radius R and angular momentum parameter a.
Wave solutions an be obtained if the ondition (kikk),i = 0 is satised. In the
rst order approximation of an expansion in ki, i.e. if only terms quadrati in ki
6
Cf. [7℄ Apart from the Bertotti-Robinson solution this is the only spherially symmetri
solution of the ombined Einstein-Maxwell equations.
7
For information about Kerr-Shild metris f. [4℄ [9℄ [10℄
8
are retained, equation (7) redues to (kikk)
,m
,m = 0, the wave equation in Minkowski
spae. These elds orrespond to gravitational waves desribed in general relativity
by a linearized metri gik = ηik + hik. (Cf. [5℄, 107, p. 411.)
Exat wave solutions follow if the ansatz
ki =
√
H(t− x, y, z) (1, −1, 0, 0)
is inserted into the vauum eld equations of the salar-vetor theory. Equation (7)
redues to H,y,y + H,z,z = 0, the dierential equation for the so alled pp-waves.
In general relativity, they orrespond to a metri ds2 = 2dudv − 2H(u, y, z)du2 −
dy2 − dz2, with t = 1√
2
(v + u) and x = 1√
2
(v − u). ([5℄, 109, p. 419.)
As an example for solutions involving both elds σ 6= 0 and ki 6= 0, the interior
Shwarzshild solution is listed in appendix 2.
8
6 Cosmologial solutions
We now turn to solutions with ki = 0, σ = σ(r, t) 6= 0. The remaining eld
equations are:
−2σ,i,k + 2σ,iσ,k − ηik[σm,m + 2σ,mσ,m] = κe2σ[Tik −
1
2
ηikT ].
The matter distribution is desribed by the energy-stress tensor of a perfet uid,
hosen to be
T ik = e2σ(p+ µ)uiuk − pηik.
This tensor redues to the usual diagonal speial relativisti tensor in the omoving
frame, where ui = e−σ(1, 0, 0, 0) (for ki = 0). The four remaining independent
equations are the following:
e−2σ[σ′′ − 3σ¨ + 2σ′2 + 2σ′/r] = κ[e2σ(µ+ p)u 20 −
1
2
(µ− p)]
e−2σ[−5σ′′ + 3σ¨ − 10σ′/r − 4σ′2 + 6σ˙2] = κ[e2σ(µ+ p)u2 + 3
2
(µ− p)]
e−2σ[−2σ′′ + 2σ′/r + 2σ′2] = κe2σ[(µ+ p)uxuy] r
2
xy
e−2σ[−2σ˙′ + 2σ˙σ′] = κe2σ[(µ+ p)u0ux] r
x
, (18)
where u
2 = (ux)2 +(uy)2 +(uz)2. The dot and strike stand for dierentiation with
respet to the time and radial oordinates, respetively. For simpliity, we look for
solutions in a loaly omoving frame, i.e. a frame in whih the matter distribution
is desribed by ui = e−σδi0.
In addition, a barotropi equation of state p = bµ with onstant b is assumed. For
dust matter, i.e. for b = 0, µ nite, equations (18) lead to the unique solution:
κp = 0
κµ = 12a2(t− t0)−6
e2σ = a−2(t− t0)4. (19)
8
The partiular form of σ and ki an be obtained from [11℄.
9
For radiation, i.e. µ = 3p, the only solution reads as:
κµ = 3κp = 3a2(t− t0)−4
e2σ = a−2(t− t0)2. (20)
A unique, inhomogeneous solution (depending on the radial oordinate) is given by
κµ = −κp = 12λc+ 3a2 = const
e2σ = [λ(r2 − t2) + at+ c]−2. (21)
Both for p = 0 or µ = 3p there exist further solutions , sine we an rewin all onfor-
mally at solutions of Einsteins equations from (18), in partiular, the Friedman-
Robertson-Walker solutions. We did restrit ourselves to matter distributions with
ui = δi0e
−σ
.
9
Further solutions an be obtained through a more general ansatz with non-aligned
ui or, vie versa, by starting with the Friedman-Robertson-Walker form of the
metri in general relativity in the onformally at form, and by performing the
same transformation on ui.10
Using equation (5), we introdue the physial quantity τ into our solutions (19)
and (20) to obtain κµ = 43 (τ − τ0)−2 and κµ = 34 (τ − τ0)−2, respetively. Turning
to solution (19), i.e. to spaetime lled with dust matter, and a xed amount
of dust of onstant mass M ontained in a sphere of radius R, we obtain from
M = 4pi3 µR
3
the expression R(t)3 = 3M4pi µ(t)
−1
, or, with (19) and the variable τ ,
R(τ) = ( 9M16pia2 )
1/3 (τ−τ0)2/3. Sine τ andM are physial quantities, we have found
a physial distane quantity R(τ). We an generalize this to the statement that any
physial distane between two points in spaetime with onstant oordinate distane
depends on the physial time oordinate through
l(τ) ∼ (τ − τ0)2/3.
This is in fat the result known from general relativity, where the world-radius S(τ)
shows the same time dependene in the dust-matter osmos (p = 0) with spae
urvature k = 0.11
For the solution (20) orresponding to radiation as a material soure, we dene
length-intervals by light propagation. It is easily seen that for radial light rays,
the following solutions of our equations of motion (.f. setion 3) are obtained:
r = ±(t − t0), i.e. r ∼ (τ − τ0) 12 . We an interpret r as a measurable quantity
representing the radius of an expanding wave-front, for instane. Generalizing it to
a physially meaningful distane l(τ), we obtain
l(τ) ∼ (τ − τ0)1/2,
whih again orresponds to the results known from the Friedman solutions with
µ = 3p. ([14℄, setion 16.2.)
Now osmologial redshift will be briey disussed. We annot use equation (6),
beause it refers to the relation between two loks read simultaneously at dierent
9
This requires either that there is an inertial frame of referene in whih the matter is at rest,
or that we onsider only loal properties of the solutions, sine by a Lorentz boost, we an always
nd a loally omoving frame.
10
More on the two equivalent representations of osmologial models within the framework
of Einsteins theory, namely the onformally at and the spatially homogenous and isotropi
Robertson-Walker form, an be found in [12℄, [13℄.
11
Loally, (i.e. for small S) this is valid also in the open and losed models (k = ±1) with p = 0.
(Cf. [14℄, setion 1.2)
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plaes. In the osmologial ontext we have to ompare the frequeny ω0 of a
signal emitted at (r, t) with the frequeny ω1 of the same signal after it reahed
the observer at (r1, t1). From z =
ω0
ω1
− 1 = dτ1dτ − 1 = eσ(t1,r1)−σ(t,r), we obtain
for the osmologial redshift of a soure at (r1, t1): z = (
t1
t )
2 − 1 for the solution
(21) and z = t1t − 1 for (20). If again we assume radial light propagation, we
obtain from L = e2σ(t˙2 − r˙2) = 0 (the dot refers to the parameter of the urve,
whih is not idential with proper time τ dened on urves with L = ε = 1):
r(t) = r1 − (t− t0), where (r1, t1) are the oordinates of signal absorption. By this,
we an express the redshift as a funtion of the oordinate distane r−r1 between the
soure (r) and the observer (r1). However, it is more usefull to express the redshift
by physial quantities. This is not hard to to sine we know the relation between
oordinate time t and the physial quantity τ . The results are z = ( τ1τ )
2/3 − 1
and z = ( τ1τ )
1/2 − 1 for the solutions (19) and (20), respetively. Again, these
results are in omplete agreement with general relativity. ([15℄, setions 2.4.2 and
3.2.1, or other textbooks.) The same results are derived by onsidering the time
dependene of the wavelength (as a measurable quantity), λ ∼ τ3/2 and λ ∼ τ1/2
for the solutions (19) and (20) resp., and upon using z = λ(τ1)λ(τ) − 1.
The solution (21) desribes a physial system with b = -1, i.e. the equation of state
µ = −p. Suh an equation of state arises in inationary osmologial models.
Repeating the arguments used for the ase p = 0 applied to a sphere ontaining
dust of a xed mass, sine p and µ are time-independent, we nd that the physial
distane is idential to the oordinate distane, i.e. in our omoving frame the
physial distane between any dust partiles does not hange in time. Thus, (21)
represents a stati osmos. By the same argument as before (z = λ(τ1)λ(τ) − 1), we nd
that there is no redshift ourring.
If no equation of state is presribed, further solutions of the eld equations (9) an
be obtained. We list one of them without attempting to provide an interpretation:
κµ = 12λb
κp = 8λ2r2 − 16λb
e2σ = (b + λr2)−2,
with λ, b = const, whih ould desribe a positive energy distribution in a sphere
of radius r0 = 2b/λ. At r0, the pressure p is vanishing, and we an omplete the
solution by joining to it the spherially symmetri vauum solution.
7 Disussion
The speial-relativisti salar-vetor theory of gravitation presented here forms an
example for Poinaré's onventionality hypothesis stating that empirial data al-
ways an be explained by dierent theories based on dierent hypotheses. Without
using all the geometrial onepts of Einstein's theory of gravitation, the salar-
vetor theory predits the well-known eets in the solar system, of the standard
osmologial model, of blak holes; it also allows for gravitational waves.
We do not suggest the new theory as a serious ompetitor for general relativity:
as a eld theory in Minkowski spae it is rather ompliated. Nobody would have
thought of the partiular eld equations suggested before the event of Einstein's
theory. Also, a Lagrangian still is to be found from whih, after variation with
11
respet to σ, ki, eld equations allowing for Birkho's theorem will follow. At
present, the eld equations equivalent to Einstein's are written down ad ho.
12
.
A Lagrangian approah already available leads to further spherially symmetri
vauum eld equations beyond Shwarzshild's. (Cf. appendix 1.) The equations
of motion do not follow from the eld equations, but must be postulated separately
as in Maxwell's theory. Moreover, artesian oordinates in Minkowski spaetime
have no physial meaning. New measurable quantities for time and distane have
been introdued.
On the other hand, a salar-vetor eld theory in at spaetime should be more
amenable to the standard reipees for quantization. Hene, upon assuming that
progress an be made towards both a manageable Lagrangian for the eld equations
equivalent to (9), or (7), and the well-posedness of the Cauhy initial value problem,
there might be a possibility for a viable theory of quantum gravitation equivalent
to part of the quantization of the full Einstein theory. It may be, however, that the
theory is as unrenormalizable as general relativity.
As to Poinaré's hypothesis: by adding a priniple of simpliity to it, in most ases
a deision an be made as to whih theory is preferable - although simpliity
itself may not always be unambiguously dened. One onlusion of this paper is
that in an important sublass of solutions of Einstein's equations, a seond at
metri appears in a way leading beyond the equivalene priniple to a relativisti
salar-vetor theory of gravitation in Minkowski spae.
Appendix 1
In this appendix, we give a Lagrangian, the variation of whih leads to the equations
Γijk
j = 0, Γijη
ij = 0.
Consider the following Lagrangian, λ beeing a lagrangian multiplier:
Λ = e2σ[−3σ,i,i − 3σ,i,kkikk +
1
2
(kikk),i,k +
1
2
(kkkk,lk
ikk,i)] +
+e2σkkk
k[ki,mk
i,m − km,iki,m + 6σ,i,kkikk + 4kl,ikiσ,l +
+2kl,lk
mσ,m + 2σ
,m
,m + 4σ,mσ
,m +
1
2
klkmki,lk
i
,m] + λ(kik
i)2.
Carrying out the variation with respet to λ, ki and σ, we ome to the following
equations:
kik
i = 0,
−1
2
(klkikk,i),l +
1
2
klki,lki,k − 2σ,i,kki + 2σ,iσ,kki − klkk,iσ,lki+
+[−1
2
ki,mk
i,m +
1
2
km,ik
i,m − 1
2
klkmki,lk
i
,m − kl,ikiσ,l−
−(klkmσ,m),l − σ,m,m − 2σ,mσ,m − 2klkmσ,mσ,l]kk = 0,
12
A method for deriving them formally from a variational priniple by use of Lagrangian mul-
tipliators will be disussed elsewhere.
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and
−(kikk),i,k+1
2
(klkk,l)(k
ikk,i)−6(σ,i,i+σ,iσ,i)−6kikk(σ,i,k+σ,iσ,k)−6(kikk),iσ,k = 0.
The seond and third equations indeed orrespond to Γikk
i = 0 and ηikΓik = 0, the
rst beeing just the null-vetor ondition to the vetor eld.
Making the same spherially-symmetri ansatz as in setion 5, we nd the general
solution (for σ = 0) in the form
ki =
√
h(t+ r)
r
(1, −x
r
),
the spherially-symmetri vauum solution thus beeing determined only up to a
funtion of t + r. Even for these equations for whih Birkho's theorem is not
satised, the Lagrangian is far from beeing simple.
If
√−gR is taken as a Lagrangian, the equations found after the variation with
respet to σ and ki even do not have k
i =
√
R
r (1, −xr ) as a solution. A possible
solution of these equations (σ = 0) is: ki = (1, −xr ), whih in spherial oordinates
orresponds to the onstant vetor ki = (1, −1, 0, 0).
Appendix 2
We list a lass of solutions in presene of a perfet uid. The energy-momentum
tensor is the same as in setion 6, and the matter is desribed by the veloity eld
ui = e
−σ(1 − k 20 )−1/2 δ0i .
Thus, matter is desribed one more in the omoving frame, the veloity eld ful-
lling the ondition uiu
i = e−2σ + (kiui)2 (f. setion 3).
We onsider solutions with a vetor eld in the form
ki = H(1, −x
r
), (22)
H beeing a onstant. Swithing to spherial oordinates, one nds that (22) is a on-
stant null-vetor eld. The eld equations were solved in the spherially symmetri
ase by Dadhih [11℄, the general solution beeing
e−σ = c1r
n + c2r
2−n, (23)
n beeing an integer and H fullling the following ondition:
(1 +H)2/(1−H) = 1 + 2n(n− 2). (24)
As an example, we onsider the ase n = −1. The solution then reads:
e−σ = c1r
−1 + c2r
3
κµ =
3
7
(c22r
4 + 18c1c2 + c
2
1r
−4)
κp =
1
7
(9c22r
4 − 38c1c2 + c21r−4).
The pressure vanishes at r40 = (19±
√
352)c1/9c2. This value an thus be interpre-
tated as the radius of the sphere of the matter distribution. Sine we still have two
free parameters c1 and c2, it is possible to join the solution to the vauum-solution
(11) ontinously at r = r0. To do this, we hoose the onstants in a way that at
r = r0, we have σ = 0 as well as H =
a
r0
. From (24) we nd H = 1/2(−9±√105),
and thus for r0, we have the following equations:
c1r
−1
0 + c2r
3
0 = 1
a/r0 = (19±
√
352)
c1
9c2
.
The full disussion an be found in the artile mentioned above.
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List of footnotes
1) Cf. the disussion in [1℄ 2) By this denition we are not in a position to dene
proper time for a general observer. However, this lak is easily mended if we
dene proper time through the Kerr-Shild-metri (1) without taking reourse
to its geometrial meaning. 3) We also know from general relativity that no
geodesi passes through the Shwarzshild radius a from inside, and a massive
partile outside this radius an only reah the Shwarzshild radius after an in-
nite time. 4) Cf. many textbooks on general relativity, e.g. [8℄, equation (10.23).
5) [8℄, equation (10.75). This means that a lok at a higher altitude runs faster
than one at sea level. 6) Cf. [7℄ Apart from the Bertotti-Robinson solution this
is the only spherially symmetri solution of the ombined Einstein-Maxwell
equations. 7) For information about Kerr-Shild metris f. [4℄ [9℄ [10℄ 8) The
partiular form of σ and ki an be obtained from [11℄. 9) This requires either
that there is an inertial frame of referene in whih the matter is at rest, or
that we onsider only loal properties of the solutions, sine by a Lorentz boost,
we an always nd a loally omoving frame. 10) More on the two equivalent
representations of osmologial models within the framework of Einsteins the-
ory, namely the onformally at and the spatially homogenous and isotropi
Robertson-Walker form, an be found in [12℄, [13℄. 11) Loally, (i.e. for small
S) this is valid also in the open and losed models (k = ±1) with p = 0. (Cf.
[14℄, setion 1.2) 12) A method for deriving them formally from a variational
priniple by use of Lagrangian multipliators will be disussed elsewhere.
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